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© The present invention relates to a method and 
assembly suited to determining the size and position 
of a head (8, 9) relative to a clamp (11) when using 
an industrial multi-axis robot (4). The invention is 
based on moving the clamp (11) by means of the 
robot (4) advantageously past three sensor elements 
(16) and providing the clamp with a target element 
(13) suitable for aiding in the position detection of 
the reference point of the clamp (11) at the instant 



the clamp moves past a first sensor element. The 
size and position of the head (8, 9) are determined 
on the basis of geometrical lines computed from the 
head edge intercept signals obtained by means of 
the sensor elements (16). The lengths of the geo- 
metrical lines are determined from the speed of the 
clamp (11) and the time intervals of intersect instants 
counted by a control system counter card connected 
to said sensor elements (16). 
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1 EP 0 610 

The present invention relates to a method ac- 
cording to the preamble of claim 1 for determining 
the size and position of head of paper rolls picked 
by means of a clamp. 

The invention further concerns an assembly 5 
according to the preamble of claim 8 for imple- 
menting said method. 

The present invention is particularly suited to 
the handling of outer heads, while it can also be 
applied to inner heads though the positional accu- io 
racy requirements associated with the latter are 
much more relaxed. 

A wide paper roll delivered from a paper ma- 
chine is first taken to a slitter and slit into rolls of 
appropriate width. Subsequently, the rolls are 75 
wrapped for transportation. During the wrapping of 
paper rolls, the inner heads are first placed on the 
ends of each roll, after which a sufficient length of 
the wrapper is wrapped about the roll and then the 
overlaps of the wrapper are crimped against the 20 
rims of the inner heads. Conventionally using a hot- 
melt glue, an outer head is next adhered to the 
ends of the roll covering the crimped overlap of the 
wrapper and the inner head. The inner head is 
usually relatively thick and thus capable of protect- 25 
ing the roll end against mechanical damage. The 
outer head can thus be thinner serving for the 
purpose of binding the wrapper at the roll ends and 
protecting the roll against humidity. Frequently, the 
coloring and printed pattern of the outer head are 30 
designed to give the roll a neat appearance. Prior 
to wrapping, the roll width and diameter are mea- 
sured, and on the basis of the measurement result 
obtained, heads of suitable diameter are picked to 
be placed on the roll ends. 35 

The end heads can be placed on the roll ends 
in multiple different ways. Manual placement of the 
heads is the oldest method, and it is still suited for 
relatively smail-capacity wrapping lines or applica- 
tions not requiring an improved degree of automa- 40 
tion. In such method the operator simply places the 
inner heads manually to the roll ends and the 
corresponding outer heads onto heated press plat- 
ens, which next press the outer heads to adhere to 
the roll ends. The inner heads are kept against the 45 
roll ends by means of separate arms for the dura- 
tion of the crimping of the wrapper overlaps against 
the roll ends. The adherence of the outer heads on 
the platens is in turn implemented with the help of 
a vacuum. In manual packaging, the wrapping sta- 50 
tion operator verifies that heads of a correct diam- 
eter are picked for the roll ends and that they are 
correctly placed. 

Various kinds of automatic heading machines 
have long been in use and severaJ different types 55 
of such equipment are known. A common feature 
for almost all automatic heading equipment is that, 
for each end of the roll, a separate heading ma- 
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chine with a head clamp is provided that serves for 
moving the head from the head pile to the roll end. 
In a prior-art heading machine, a rotatable arm is 
mounted on a vertical guide, said arm having at its 
end a rotatable vacuum clamp for grasping the 
heads. Such a heading machine is conventionally 
used in conjunction with different kinds of head 
storage shelves situated beside the heading ma- 
chine. Using this machine, the heads are placed on 
the roll ends so that the support arm of the clamp 
is transferred along the vertical guide to the level of 
the shelf containing the correct size of heads. Next, 
the support arm of the clamp and the heading 
machine itself are rotated until the clamp is aligned 
parallel with the sheff, subsequently the head is 
picked and transferred from the shelf to the roll end 
by rotating both the support arm of the clamp and 
the heading machine and moving the heading ma- 
chine along the guide. Such heading machines 
conventionally lack a separate measurement device 
for the determining the size and position of heads. 

In another system the heads are placed in piles 
on the factory hall floor and therefrom transferred 
to the roll ends by means of gantry heading ma- 
nipulators. The gantry transfer carriage is con- 
structed above the head piles and the heading 
manipulators are generally placed on a single, 
crosswise movable rail. Thus, a separate pile of 
heads of a predetermined size must be provided 
for each heading manipulator. US patent 5,157,265 
discloses a method for determining head size and 
position, said method being suited for use in con- 
junction with the above-described system. Said 
measurement method is based on transferring a 
head picked by a clamp past two pairs of 
photocells at a known speed, whereby the changes 
in the photocell signals indicate the instants when 
the head leading edge meets the photocells and 
the head trailing edge leaves the photocells. Then, 
the distances between such intersect points can be 
computed from the known speed of the head and 
the temporal difference between the signal 
changes. As the shape of the head also is known, 
its position and size can thus be determined. Fur- 
ther, since the picking position of the clamp relative 
to the head pile is known, the actual position of the 
head pile can be computed from the head position 
in the clamp. 

Besides the heading methods described above, 
the heads can be manipulated using a standard 
industrial multi-axis robot for placing the heads. 
Such a robot can be integrated with the layout of 
the wrapping line in a manner permitting the robot 
to place a head on both ends of the roll. For 
effective use of the robot, it must be provided with 
a two-sided clamp which through a flipping move- 
ment of the clamp is capable of sequentially pick- 
ing heads for both roll ends, whereby the need for 
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two separate head-fetching cycles is obviated. 

However, the method disclosed in US patent 
5.157,265 has several drawbacks which make it 
unsuitable for use in conjunction with head manipu- 
lation by means of a robot. Since the robot must 
be equipped with a two-sided clamp in which the 
heads are next to each other, the photocells cannot 
distinguish which head is the one whose edge 
causes the signal change, thus making the above- 
described method incompatible with a two-sided 
clamp. As the method is based on the use of two 
photocell detectors only, it fails to detect defects of 
head edges. When a defective part of the head 
edge meets the photocell, the head size and posi- 
tion will be erroneously computed and the head will 
be rejected though in fact it could have been 
altogether acceptable. Rejection of a head poses 
no greater problem, but such rejection necessitates 
the fetching of a new head, which obviously causes 
a deviation from the normal operation of the wrap- 
ping line. Moreover, it must be noted that this 
system performs a comparison of the measured 
head position to the clamp reference point, which 
is continually known on the basis of signals ob- 
tained from the position transducers of the head 
transfer system. Consequently, the system is in- 
compatible with the use of an industrial robot, since 
the position data of the robot arm is difficult to 
update in real time during high-speed movements. 
Therefore, the location of the clamp reference point 
in a robotic heading system must be performed in 
an alternative method independent from the posi- 
tion data of the robot arm, because the robot arm 
movement cannot be slowed down for the mea- 
surement so much that the update of arm position 
data would be possible. 

It is an object of the present invention to pro- 
vide a method and an assembly suited for deter- 
mining the head size and position relative to the 
clamp in a system using a multi-axis industrial 
robot. 

The invention is based on transferring the 
clamp by means of the robot past advantageously 
three sensors and providing the clamp with a target 
element suitable aiding in the position detection of 
the clamp reference point. The head size and posi- 
tion are determined on the basis of geometrical 
lines computed from the head edge intercept sig- 
nals obtained by means of the sensors. 

More specifically, the method according to the 
invention is characterized by what is stated in the 
characterizing part of claim 1 . 

Furthermore, the assembly according to the 
invention is characterized by what is stated in the 
characterizing part of claim 8. 

The invention offers significant benefits. 

A two-sided clamp is necessary if the head 
placement is desiredly implemented using a single 



robot only. This is because the use of a single- 
sided clamp would result in an excessively long 
cycle time of heading, thus defeating investment in 
an expensive industrial robot. The present invention 

5 makes it possible to determine the positions of the 
heads adhered to both sides of the clamp. The 
head position is determined directly relative to the 
clamp reference point, thus avoiding continual up- 
date of the clamp position data. As three sensor 

10 elements are advantageously employed according 
to the invention, the effect of head edge defects on 
the measurement results can be eliminated. Be- 
sides, three detectors achieve a wider area of mea- 
surement, since the use of two detectors only 

75 would require the detectors to be located at a close 
mutual distance to make the head edges intersect 
the photocell beams even with the smallest-diam- 
eter heads. Improved accuracy in the centering of 
the heads onto the press platens is attained, and 

20 particularly, the heads can be directly centered 
according to the roll diameter. In prior-art systems, 
heads of a certain diameter could be centered 
accurately for one roll diameter only, and this cen- 
tering adjustment was then used for a certain range 

25 of roll diameters. Consequently, the head was gen- 
erally slightly displaced from the center point of the 
roll end. 

In the following the invention is described in 
greater detail with the help of annexed drawings in 
30 which 

Figure 1 shows an overall side view of the head- 
manipulating robot and the press platen unit. 
Figure 2 shows a top view of the sensor assem- 
bly employed for measurements, 
35 Figures 3-6 show the progress of measure- 
ment during the movement of the clamp past 
the sensor assembly, and 

Figure 7 shows diagrammatically the measure- 
ment principle according to the invention. 

40 When a multi-axis industrial robot is employed 

for head placement, the heads are fetched from 
piles located within the reach area of the robot 
under program control and roll data related to the 
roll being wrapped. Using a two-sided clamp the 

45 robot picks heads matching the roll data and trans- 
fers them to the ends of the roll or onto press 
platens. The present invention is particularly in- 
tended for use in conjunction with outer heads, so 
according to the exemplifying embodiments de- 

50 scribed below, the heads are transferred onto press 
platens 7. 

With reference to Fig. 1 , the head-manipulating 
robot 4 is shown in three different positions. Heads 
8, 9 adhered to a clamp 11 of the robot 4 are 
55 outlined only to elucidate the construction of the 
clamp 11. in position 1, the robot has picked a 
head 8, 9 onto both sides of the clamp 11 and is 
ready to perform a measurement movement. The 
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measurement movement is performed by transfer- 
ring the clamp 11 past photocell sensors 16 of 
sensor assembly 15. After the robot 4 has per- 
formed the measurement movement, the robot is in 
position 2, wherefrom it moves further to position 3 
and delivers a head onto a press platen 7. The 
press platens 7 are situated at both ends of the roll 
5, 6 being wrapped, and the robot 4 delivers a 
head onto each platen sequentially. The head is 
adhered by a vacuum onto the press platen and 
the platen is heated, whereby a glue layer on the 
adhesive side of the head melts and permits the 
head to be glued on the roll end by pressing the 
press platens 7, which are turned adjacent to the 
roll ends, against the roll ends. 

With reference to Figs. 3-6, the movement of 
the clamp 11 from position 1 to position 2 is 
shown. In the following description the term "head" 
must be understood to refer to the smaller head 9 
indicated by solid lines in the diagrams. The circles 
drawn in dashed lines refer to the largest-diameter 
head 8 that can be handled. During the movement 
the clamp 11 passes between forks 18, 19 of the 
sensor assembly 15 shown in Fig. 2. The sensor 
assembly 15 is mounted on a pedestal 17 of the 
robot and its forks 18, 19 are connected by means 
of a horizontal bar 20. To the center of the horizon- 
tal bar 20 is mounted a fixed reflector 21, aligned 
parallel with the forks 18, 19. Both of the sensor 
assembly forks 18, 19 are provided with three 
photocell sensors 22 - 24 facing inward from the 
forks 18. 19. 

When the clamp 11 travels past the forks 18, 
19 of the sensor assembly 15, the fixed reflector 21 
goes between the halves of the clamp 11. The 
clamp 11 is provided with a vertically aligned re- 
flector 13, coincident with the first photocell 22. 
Correspondingly, the clamp is also provided with 
another vertically aligned reflector 14 on the side 
facing the fork 10 of the clamp, coincident with the 
second photocell. With reference to Fig. 3, the 
clamp with the adhered heads is shown approach- 
ing the measurement area, and with reference to 
Fig. 4, the start instant of the measurement is 
shown. At the start instant of the measurement, the 
leading end of the first vertical reflector 13 inter- 
sects the beam of the first photocell 22. The end of 
the first reflector 22 is overextended so far past the 
edge of the base plate of the clamp 11 that not 
even the largest possible head 8 can entirely con- 
ceal the reflector 13 though the head should occur 
to be adhered to in an incorrect position on the 
clamp 11. The first reflector must always overex- 
tend sufficiently far past the head to obtain a start 
signal for the measurement. Such a start signal is 
obtained from the instant the first reflector 1 3 inter- 
sects the beam of the first photocell sensor 22 and 
the start signal is used to initiate the measurement. 



The photocell sensors 22 - 24 are connected to a 
control system counter card which, on the basis of 
the computer clock, computes time intervals 
elapsed from first signal transition indicating the 
5 start of the measurement. The start instant is the 
same for all photocell sensors 22 - 24, and at the 
start instant, the beam of the first photocell sensor 
22 hits the first vertical reflector 13, while the 
beams of the second photocell 23 and the third 
10 photocell 24 hit the horizontally aligned, fixed re- 
flector 21. As the transfer speed of the clamp 11 
moved by robot arm is very precisely constant and 
the robot is programmed to follow an exactly de- 
fined path, the distances between the signal 
T5 change instants can be easily computed on the 
basis of the time counted by the counter card and 
the constant clamp speed employed. As informa- 
tion on the instantaneous speed of the clamp is 
unknown when the speed is accelerated or decel- 
20 erated, the clamp 1 1 must necessarily be moved at 
a constant speed during the measurement. The 
clamp speed and the time required for the move- 
ment can be verified by tests prior to the actual 
use of the assembly to find out at which speed the 
25 clamp movement best occurs at a constant speed. 

During the next measurement phase, the head 
9 adhered to the clamp 11 intersects the beam of 
one of the photocell sensors. With reference to Fig. 
5, the head 9 is shown intersecting the beam of the 
30 first photocell sensor 22 and is just about to inter- 
sect the beam of the second photocell sensor 23. 
At the intersect instant the output signal of the 
photocell undergoes a change, and on the basis of 
the time elapsed between the start instant signal of 
35 the measurement and the signal change instant, 
the distance between the level of the end of the 
first reflector 13 and the head edge can be com- 
puted. The next change in the output signals of the 
photocell sensors 22 - 24 takes place when the 
40 head 9 has passed the beams of the photocell 
sensors, whereby a second output signal transition 
is detected and the second distance can be com- 
puted. When the head 9 passes the beam of the 
first photocell sensor 22, the beam can again hit 
45 the first reflector 13, and correspondingly, the 
beam of the second photocell sensor 23 can hit the 
second reflector 14, or alternatively, if the head 9 
adhered to the clamp is so large as to entirely 
conceal the second reflector 14, the beam of the 
so second photocell sensor 24 can hit the horizontally 
aligned, fixed reflector 21. Since the third photocell 
sensor 24 is so placed as not aim its beam against 
the clamp 11, its beam can again hit the horizon- 
tally aligned reflector 21 when the head 9 has 
55 passed the beam. 

With reference to Fig. 7. the method of com- 
puting the size and position of the head adhered to 
the clamp 11 on the basis of the signals from the 
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photocell sensors 22 - 24 is elucidated. The largest 
circle in Fig. 7 is called a reference circle 8, whose 
center point 28 is cocentrical with the reference 
point of the clamp 11, that is, the point against 
which the clamp movements are defined and veri- 
fied. The reference circle can be desiredly se- 
lected, and here the reference circle is chosen to 
be the circle 8 with the diameter corresponding to 
the largest-diameter head to be picked. The center 
point 28 of the reference circle is at the intersect 
point of lines 25 and 26. The smaller circle 5 drawn 
by the solid line indicates the correct position for a 
head picked by the clamp 11, said position also 
corresponding to correct head placement on the 
end 5 of the roll being wrapped. The actual position 
of the picked head is shown as circle 9 drawn in 
dashed line that in this diagram has a diameter 
identical to that of the smallest head 9 in the 
preceding diagrams. 

For each roll diameter, the correct position of 
the center point 29 is determined as the intersect 
point of a vertical line 25 passing via the center 
point of the reference circle 8 and a horizontal line 
27 passing via the center point of the circle 5, 
which circle indicates the correct position of the 
head. Thus, this point defines the correct position 
of the head relative to the reference point 28 of the 
clamp. 

When the first reflector 13 intersects the beam 
of the first photocell 22, a counting of time intervals 
is commenced for ail photocell sensors 22 - 24. 
This measurement phase provides measurement 
start instant signals T n , T 2 t and T31 for each 
photocell sensor, respectively. Since the position of 
the end of the first reflector 13 relative to the clamp 
reference point 28 is known, the position of the 
clamp 11 is now determined unambiguously. As 
the head 9 intersects the beams of the photocell 
sensors 22 - 24, a first set of intersect instants T12, 
T22. T32 is obtained. With the help of the elapsed 
time intervals and known speed of the clamp, the 
points corresponding to the intersect instants T12. 
T22, T32 can now be computed relative to the point 
corresponding to the measurement start instant. 
When the clamp now moves further, a second set 
of intersect instants T13, T 23 . T33 is obtained. The 
points corresponding to these intersect instants can 
subsequently be computed. Finally, the diameter 
and position of the head 9 is determined by com- 
puting the coordinates of a circle passing via the 
points corresponding to instants Tt2, T22. T 32 and 
T13, T23. T 33 . whereby the head diameter and 
position of its center point 30 are obtained. In other 
words, the circle corresponding to the measured 
points is determined on the basis of the known 
distances of the photocell sensors and intersect 
lines formed by the passing head. If any point fails 
to match the circle, that is, has erroneous coordi- 



nates due to, e.g., a head edge defect, such a 
point can be omitted, because a reduced number 
of measurement points are already sufficient to 
determine the circle. 
5 If the center point of the head 9 picked by the 

clamp is displaced from the correct clamping cen- 
ter point 29, a required correction of the center 
point coordinates is computed. The correction is 
simply obtained as the distances X, Y of the mea- 

10 sured center point from a horizontal line 27 passing 
via the correct center point 29 and from a vertical 
line 25 passing via the same center point, respec- 
tively. As the actual position of the center point of 
the head 9 is known, the head 9 can be transferred 

75 by means of the robot onto the press platen so as 
to aim the center point 30 of the head to accurately 
at the center of the roll end. The position alignment 
of the head on the other side of the clamp occurs 
simultaneously in a similar manner to that de- 

20 scribed above. 

Besides those described above, the present 
invention can have alternative embodiments. In the 
above-described embodiment the sensor instru- 
mentation was implemented using three photocell 

25 sensors. In principle, even two sensors are suffi- 
cient for determining the head size and position, 
while such an embodiment compromises the re- 
liability of the measurement. Correspondingly, the 
head size and position could be directly deter- 

30 mined from the first set of three intersect points 
T12. T22. Ts2, or alternatively, from the second set 
of three intersect points T13, T23, T 33 . Besides 
photocell sensors, other types of sensors are also 
feasible and their placement can be varied in a 

35 desired manner. However, the mounting of the sen- 
sors on a single straight bar is an extremely simple 
way of implementing the assembly. The direction 
of clamp movement is insignificant to the spirit of 
the invention provided that the sensor positions are 

40 appropriately selected relative to the clamp move- 
ment and said movement is linear within the detec- 
tion zone of the measurement. 

Instead of separate reflectors, the entire clamp 
can be made reflective or treated with a reflective 

45 material so as to give the sensors a signal different 
from that obtained from the head material. The 
fixed, horizontal reflector can be implemented in 
multiple ways and its structure is naturally related 
to the placement of the sensors. Obviously, sen- 

50 sors operating without reflectors are also feasible. 

Claims 

1. A method for determining the size and position 
55 of a roll end head, in which method: 

- the head is transferred on a constant 
velocity by means of a clamp (11) past 
at least two sensors (22 - 24), 
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- as the edge of the head (9) travels past 
said sensors (22 - 24), the corresponding 
signal change instants (T12. T22. T32 and 
Ti3, T23, Ta3> of intersection are de- 
tected, and 5 

- the position and size of the head (9) is 
determined on the basis of the constant 
speed of the head and the signal change 
instants, 

characterized in that 70 

- at least one part (13) of the clamp having 
its position known relative to the refer- 
ence point of the clamp and overexten- 
ding past the edge of the head (9) ad- 
hered to the clamp (11) is first trans- 75 
f erred past the first sensor (22), whereby 

a change in the output signal of said 
sensor is detected and said instant (Tt 1 , 
T21, T31) of signal change is set as the 
measurement start instant for the sen- 20 
sors, and 

- the position and size of the head (9) are 
computed from points determined by the 
measurement start instants (Tn, T21, 

Tai) of the sensors and the intersect 2s 
instants (T12. T22. T32 and T13, T2 3, 
T33), and the known mutual distance be- 
tween the clamp part (13) defining the 
measurement start instant and the clamp 
reference point (28). 30 

2. A method as defined in claim 1, character- 
ized in that the head (9) is transferred past 
three sensors (22 - 24). 

35 

3. A method as defined in claim 1 or 2, char- 
acterized in that the size and position of the 
head (9) are determined on the basis of the 
detected start instants (Tn , T 2 1 , T 3 1 ), the first 
intersect instants (T12. T22. T32) measured 40 
from the leading edge of the head (9) and the 
second intersect instants (T13, T23. T 33 ) mea- 
sured from the trailing edge of the head. 

4. A method as defined in claim 1 or 2, char- 45 
acterized in that the size and position of the 
head (9) are determined on the basis of the 
detected start instants (T n . T 2 i, T31) and the 

first intersect instants (T12, T22. T32) measured 
from the leading edge of the head (9). 50 

5. A method as defined in claim 1 or 2. char- 
acterized in that the size and position of the 
head (9) are determined on the basis of the 
detected start instants (T n , T21, T31) and the 55 
second intersect instants (Tts, T23. T 33 ) mea- 
sured from the trailing edge of the head. 



6. A method as defined in any foregoing claim, 
characterized in that the correct position (29) 
on the clamp (11) for each head size em- 
ployed is first determined and then the actual 
position (30) of the head to be measured is 
determined relative to said correct position, 
whereinafter the head can be placed correctly 
on the head of the roll (5) being wrapped by 
virtue of the mutual distance (X.Y) between 
said measured (30) and actual (29) position of 
the clamped head. 

7. A method as defined in any foregoing claim, 
characterized in that the transfer of said 
heads (9) is implemented by means of a two- 
sided clamp (11) suited for taking two heads 
past a pair of facing sensor elements (22 - 24) 
employed for concurrent measurement of head 
position and size. 

8. An assembly for determining the size and po- 
sition of a head, said assembly comprising 

- at least two sensors (22 - 24) adapted to 
permanent position (18, 19) and connect- 
ed to time-counting means, and 

- a clamp (11) having a predetermined ref- 
erence point (28) and being suited for 
transfer at a constant speed past said 
sensors (22 - 24) for detecting the edge 
of the head (9), 

characterized by 

- a part (13) adapted to said clamp (11), 
said part overextending past the edge of 
the largest head (8) to be handled by the 
clamp (11) and the distance of the part 
(13) overextending the edge of the head 
(8) being known from the reference point 
(28) of the clamp (11) and said part fur- 
ther being transferable past the first sen- 
sor element (22) to the end of determin- 
ing of a measurement start instant (Tn, 
T21 , T31 ) on the basis of a change in the 
output signal of said first sensor element 
(22). 

9. An assembly as defined in claim 8, character- 
ized in that the number of said sensor ele- 
ments (22 - 24) is three. 

10. An assembly as defined in claim 8, character- 
ized in that said clamp (11) is two-sided and 
that two groups of the sensor elements (22 - 
24) are employed and said groups are facingly 
oriented so as to permit the transfer of the 
clamp (11) past said sensor element groups 
(22 - 24) to the end of concurrently measuring 
the size and position of both heads adhered to 
said clamp. 
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11. An assembly as defined in any foregoing 
claim, characterized in that said sensor ele- 
ments (22 - 24) are photocells. 

12. An assembly as defined in claim 11, char- s 
acterized by a reflector (13) mounted to the 
clamp (1 1 ) and aligned parallel to the direction 

of the measurement movement of the clamp 
so as to generate the measurement start in- 
stant signal (T n . T 2 i, T 3 i) from the end of io 
said reflector. 

13. An assembly as defined in claim 11 or 12, 
characterized by a reflector (21) aligned cros- 
swise to the direction of the measurement 75 
movement of the clamp so as to reflect the 
beams of the second (23) and the third 
photocell sensor (24). 
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